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// Logic circuits 









Combinational 

The output depends 

solely on the current 

inputs 

It is then clear, requires 

no memory 





Sequential 

The output does 
depend on previous 
inputs 






Concurrent versus sequential Code 










VHDL code is inherently concurrent (Parallel) 

Only statements placed inside a PROCESS, FUNCTION, or 
PROCEDURE are sequential 

Concurrent code is also called dataflow code 

We can only build combinational logic circuit with 
concurrent code 

To obtain sequential logic circuits, sequential code must 
be employed. Indeed, with the latter we can implement 
both circuits 






Concurrent statements 






Dataflow code 






Guarded Block 




Concurrent 
Code 






when 



Operators 




JJ When statement 




Assignment when condition else 
Assignment when condition else 




Y<= a when sel 
b when sel 
c when sel 
d; 



"00" else 
"01" else 
"10" else 



Simple when 




^ WITH/SELECT/WHEN 








With Identifier SELECT 
Assignment WHEN value, 
Assignment WHEN value, 



OTHERS is often useful 
UNAFFECTED, when no action 





With sel select 
y <= a when "00", 
b when "01", 
c when "10", 
d when OTHERS; 







Example - Multiplexer 











si sO 



ENTITY Mux IS 
port(a,b,c,d: in 

stdjogic; 
sl.sO: in stdjogic; 
y: out stdjogic); 

END ENTITY Mux; 




ARCHITECTURE dataflow OF Mux IS 
BEGIN 
y <= (a and not si and not sO) or 

(b and not si and sO) or 

(c and si and not sO) or 

(d and si and sO); 
END ARCHITECTURE dataflow; 



Multiplexer 
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Architecture 
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y^ Multiplexer - 2 



c 



) 







c 



Architecture 



) 






ENTITY Mux IS 

port(a,b,c,d: in stdjogic; 

sl.sO: in stdjogic; 

y: out stdjogic); 
END ENTITY Mux; 




ARCHITECTURE dataflow OF Mux I: 
BEGIN 

Iy <= a when si = '0' and sO = '0' else 
b when si = '0' and sO = '1' else 
c when si = '1' and sO = '0' else 
d when si = '1' and sO = '1'; 
END ARCHITECTURE dataflow; 



Jj Multiplexer - 3 







ENTITY Mux IS 

port(a,b,c,d: in stdjogic; 

sl.sO: in stdjogic; 

y: out stdjogic); 
END ENTITY Mux; 





architecture 




/ 



ARCHITECTURE dataflow OF Mux IS 
signal sel: integer := 7; 
BEGIN 
sel <= when si = '0' and sO = '0' else 

1 when si = '0' and sO = T else 

2 when si = T and sO = '0' else 

3 when si = T and sO = T; 
with sel select 
y <= a when 0, 

b when 1, 
c when 2, 
d when others; 
END ARCHITECTURE dataflow; 



3J Tri-state Buffer 
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— VHDL Architecture SCRATCH_LIB. tristate . dataflow 

— Created: 

by - Mo s taf a. UNKNOWN (MOSTAFA) 
at - 15:44:48 01/ 3/2008 

— using Mentor Graphics HDL Designer (TM} 2005.3 (Build 75} 



LIBRARY leee; 

USE ieee.std_logic_1164.all; 

USE ieee . 3td_logic_arit_. all; 

ENTITY tristate IS 

port (input: in std_logic_vector (7 downto 0}; 

ena: in std_logic; 

output : out s t d_l o gi c_ve ct o r ( 7 do wnt o } } ; 
END ENTITY tristate; 



ena 



input (7:0) 




output (7:0) 



The 3- state buffer provides output 
= input when ena (enable) is low, 
or output = "ZZZZZZZZ" (high 
imoedance otherwise 



ARCHITECTURE dataflow OF tristate IS 
BEGIN 

with ena select 

output <= input when ' 1 , 

"ZZZZZZZZ" when others; 

END ARCHITECTURE dataflow; 




3J Tri-state Buffer 










jl| wave - default 



Edit:/tristate/inpu 



^ sim:/tristate/ena 1 



IjM 



wave 



+1^ 




JJ Encoder 




One and only one input bit is expected to 

be high at a time, whose address must be 

encoded at the output 
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Jj Encoder (No Priority) 
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LIBRARY ieee; 

USE ieee.std_logic_1164.all; 

USE ieee.std_logic_arith.all; 

ENTITY encoder IS 

portjx: in std_logic_vector (7 downto 0}; 

y: out std_logic_vector(2 downto 0}}; 
END ENTITY encoder; 



ARCHITECTURE dataflow OF encoder IS 

BEGIN 
y <= "000" when x = "00000001" el3e 
"001" when x = "00000010" else 
"010" when x = "00000100" else 
"011" when x = "00001000" else 
"100" when x = "00010000" el3e 
"101" when x = "00100000" else 
"110" when x = "01000000" else 
"111" when x = "10000000"; 

END ARCHITECTURE dataflow; 



||{ wave • default 







Priority Encoder (Problem) 
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ALU 



a (7:0) 1 

b (7:0) 






cm 



sel (3:0) 




v (7:0. 




£ftl 


Operation 


Function 


Unit 


0000 


v<= a 


Transfer a 




0001 


y <= a+ 1 


Increment a 




0010 


y <= a- 1 


Decrement a 




0011 


v<=b 


Transfer b 


Arithmetic 


0100 


y<=b+l 


[ncrement b 




0101 


y<=b-i 


Decrement b 




0110 


v <= a+b 


Add a and b 




0111 


v<= a+b+cin 


Add a and b with cam- 




1000 


v <= NOT a 


Complement a 




1001 


v<=NOTb 


Complement b 




1010 


v <= a MD b 


AND 




1011 


v <= a OR b 


OR 


Logic 


1100 


v<=aNANDb 


NAND 




1101 


v <= a NOR h 


NOR 




1110 


v <= a XOR b 


XOR 




111] 


v<=aXNORb 


XNOR 
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VHDL Architecture 



— Crested: 



SCRATCH LIB -ALU -Dataflow 




— by - Mostafa A. El-Hosseini 
at - 03:22:56 01/ 4/2008 

— using Mentor Graphics HDL Designer (TM> 2005.3 (Build 75 } 

LIBRARY ieee; 

USE ieee . std_lagic_1164 . all ; 
USE ieee . std_lagic_arith . all ; 
us e i e e e . s t d_l o gi c_uns i gne d . a 1 1 ; 

ENTITY ALU IS 

port (a, b: in std_logic_vector (7 downto Q> ; 

ci n : in s t d_l o gi c ; 

sel : in std_logic_vector (3 downto 0); 

y: out std_logic_vector (7 downto 0} } ; 
END ENTITY ALU; 



ARCHITECTURE Dataflow OF ALU IS 

signal arith, logic : std_logic_vector (7 downto > , 

BEGIN 

with sel (2 downto 0} select 

ar^-1-. < = 
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with sel (2 downto 0} select 



logic <= not a 

not b 



when "000 " r 

when "001 n r 

when "010", 

when "011", 

a r.ar.d b when "100 ", 

a nor b when "101", 

when "110", 



a and b 
a or b 



a xor b 



a xnor b when others; 

with sel (3} select 
y <= arith when ' 0", 

logic when others; 

END ARCHITECTURE Dataflow; 



a 


when 


"000", 


a+1 


when 


"001", 


a-1 


when 


"010", 


b 


when 


n OH " r 


b-_ 


when 


"100", 


b-1 


when 


ri 1 1 1 ri , 


a+b 


when 


"110", 



a+b+cin when otr.e: 






Generate statement 







Label: FOR identifier IN range GENERATE 
(Concurrent assignments); 
END GENERATE; 




Label: IF Condition GENERATE 

(Concurrent Statements); 
END Generate; 



Generate 
Statement 



Gl: FOR I IN x'range GENERATE 

Z(i) <= A(i) and B(i+7); 
END GENERATE; 



Note: IS 

NOT ALLOWED 






BLOCK statement 



Label: BLOCK 

[Declarative Part] 
Begin 

(Concurrent Statements) 
END BLOCK Label; 



Label: BLOCK (guard expression) 

[declarative part] 
Begin 

(Concurrent guarded and 
unguarded statements) 
END BLOCK Label; 




Block 
statement 



